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[57] ABSTRACT

A silver halide light-sensitive material comprising a
support having thereon at least one negative silver hal-

ide emulsion layer is disclosed, in which a coating

weight of the total binder on one side of the support is
not more than 4.2 g/m? and silver halide grains in the
emulsion layer have been subjected to reduction sensiti-
zation. The light-sensitive material has improved pres-
sure resistance while exhibiting high sensitivity and
suitability for ultra-rapid processing.

6 Claims, No Drawings
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SILVER HALIDE PHOTOGRAPHIC MATERIAL
AND METHOD FOR PROCESSING THE SAME

FIELD OF THE INVENTION 5

This invention relates to a silver halide photographic
material and, more particularly to a silver halide photo-
graphic material for medical use which is resistant
against blackening due to scratches while having high
sensitivity and suitability for ultra-rapid processing.

BACKGROUND OF THE INVENTION

In general, photographic materials having a silver
halide emulsion layer are subject to various outside
pressure. For example, negative films for general pho- 15
tography are apt to be bent on rolling in a cartridge or
loading into a camera or pulled or rubbed with a car-
riage part of a camera on feeding. Sheet films such as
printing films and direct radiographic films for medical
use are often bent on handling with hands. When han- 20
dled in daylight conveying equipment or high-speed
changers, photographic materials are brought into
contact with metallic or rubber parts with strong force.
All kinds of photographic materials receive great pres-
sure on cutting and fabricating. 25

Pressure thus applied to a photographic light-sensi-
tive material is transmitted to silver halide grains
through gelatin, a binder for silver halide grains, or
other high-molecular weight substances as a mediator.

It is known that pressure application to silver halide 30
grains causes blackening irrespective of exposure
amount or desensitization. For the detatls, reference can

be made, e.g., to K. B. Mather, J. Opt. Soc. Am., Vol. 38,
p. 1054 (1948), P. Faelens and P. de Smet, Sco. et Ind.
Photo., Vol. 25 No. 5, p. 178 (1954), and P. Faelens, J. 35
Photo. Sci., Vol. 2, p. 105 (1954).

It has therefore been demanded to provide a photo-
graphic light-sensitive material whose photographic
performance is unaffected by pressure.

On the other hand, high-temperature rapid process- 40
ing of photographic materials has been rapidly spread,
and a time required for various light-sensitive materials
to be processed in an automatic developing machine has
been greatly reduced. Particularly in ultra-rapid pro-
cessing, efforts have been made to further raise a drying 45
speed in an automatic developing machine.

Speed-up of drying is generally achieved by adding a
sufficient amount of a hardening agent to a light-sensi-
tive material so as to reduce a water content before
starting drying in an automatic developing machine. 50
Though successful in increasing a drying speed, this
means is attended by many disadvantages. That 1s, en-
hanced film hardening results in reduction in sensitivity
which leads to retardation of development, reduction in
covering power even when tabular grains having a high 55
aspect ratio are used, worsening of color remaining,
retardation of fixing of silver halide grains, increase of
hypo remaining in a processed light-sensitive material,
and the like. |

Reduction in water content before starting drying 60
can also be achieved by decreasing hydrophilic sub-
stances in a light-sensitive material, i.e., gelatin, syn-
thetic high polymers, and hydrophilic low-molecular
weight substances. However, a decrease of these hydro-
philic substances means a decrease of a ratio of a binder 65
to silver halide grains, which often causes sensitization
or desensitization on scratching or bending during han-
dling before development processing particularly .in
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2

using tabular grains of high aspect ratio. Hence, without
any means to improve pressure resistance, it has been
difficult to obtain improved drying properties by de-
creasing a binder.

On the other hand, there has been a long and constant
demand for an emulsion having higher photographic
speed. An emulsion of high photographic speed makes
it feasible to take a photograph without flashlight even
at night and to take a photograph of a fast-moving sub-
ject at a high shutter speed. When applied to radiogra-
phy, it would reduce an X-ray exposure dose to mini-
mize the influence of X-ray on human bodies.

It is well known in the art that hydroxyazaindene
compounds have a property to suppress chemical ripen-
ing with sulfur-containing compounds and are therefore
useful as an emulsion stabilizer. They are added to a
photographic emulsion for the purpose of stopping a
sulfur sensitization reaction and/or preventing fog dur-
ing preparation, preservation or developing processing.
These compounds are also known to increase a photo-
graphic speed. For example, British Patent 1,315,755
discloses a method for carrying out sulfur-gold sensiti-
zation of a silver halide emulsion, in which an azaindene
compound is added to an emulsion before sulfur sensiti-
zation and, either simultaneously or thereafter, a mono-

valent gold complex compound containing sulfur is

added, followed by ripening to obtain a silver halide
emulsion having higher intrinsic sensitivity than in con-
ventional methods. Further, JP-A-50-63914 (the term
“JP-A” as used herein means an ‘“‘unexamined published
Japanese patent application”) and German Patent Ap-
plication (OLS) No. 2,419,798 disclose a method of
obtaining increased sensitivity by adding a hydroxytet-
raazaindene compound to a sulfur-sensitized mono-dis-

persed emulsion of cubic silver halide grains having a

silver bromide content of 80 mol % or more. These
references also describe that this method, when apphed
to silver halide grains other than cubic grains, e.g.,
octahedral grains and tabular grains which are substan-
tially surrounded by (111) planes, rather results in a
reduction in sensitivity or brings about only slight im-

 provement in sensitivity, if any. Further, JP-A-51-77223
teaches that addition of a certain hydroxytetraazain-

dene compound to a sulfur-sensitized silver halide emul-
sion whose mean grain size does not exceed 0.5 um
brings about an increase in sensitivity. However, a hy-
droxytetraazaindene compound has been commonly
added as an emulsion stabilizer after chemical ripening
irrespective of whether or not the effect of increasing
sensitivity may be obtained with or without recognition
of that effect. Therefore, the methods disclosed in JP-
A-50-63914 and JP-A-51-77223 are not expected as
novel techniques for increasing sensitivity.
JP-A-58-126526 proposes a method for preparing a
photographic emulsion having a high sensitivity and
markedly low fog, in which chemical sensitization of
octahedral or tetradecahedral silver halide grains is
carried out in the presence of an azaindene compound.
Further, JP-A-2-68539 discloses 2a method for preparing
a high sensitivity and low fog emulsion, in which chemi-

~ cal sensitization of tabular grains having an aspect ratio

of 3 or more is carried out in the presence of a sensitiz-
ing dye and an azaindene compound. Further, it is
known that tabular grains are superior to sphercal
grains for use in X-ray films in view of their higher
covering power (optical density per unit silver amount)
and higher susceptibility to color sensitization.
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On the other hand, there is an unfavorable correlation
between photosensitivity and pressure sensitivity. That
is, as photosensitivity increases, pressure sensitivity also
increases. Moreover, a sensitizing dye promotes the
property of silver halide grains to cause fog on applica-
tion of pressure. In other words, if a large quantity of a
sensitizing dye is used for color sensitization in an at-
tempt to increase light absorption and to increase senst-
tivity, it follows that blackening on pressure application
is remarkably emphasized. As a means to be taken
against such a disadvantage, it i1s known to incorporate
a plasticizer for polymers or emulsions or to reduce a
silver halide/gelatin ratio to thereby prevent applied
pressure from reaching silver halide grans.

Known plasticizers include heterocyclic compounds
as disclosed in British Patent 738,618, alkyl phthalates as
disclosed in British Patent 738,637, alkyl esters as de-

10

15

scribed in British Patent 738,639, polyhydric alcohols as

disclosed in U.S. Pat. No. 2,960,404, carboxyalkyl cellu-
lose as disclosed in U.S. Pat. No. 3,121,060, paraffin and
carboxylic acid salts as disclosed in JP-A-49-5017, and
alkyl acrylates and organic acids as disclosed in JP-B-
53-28086 (the term “JP-B” as used herein means an
“examined published Japanese patent application’).
Since addition of a plasticizer causes a reduction in
mechanical strength of an emulsion layer, there is a limit
in the used amount of a plasticizer. Further, an increase
of gelatin results in retardation of development and
reduction in sensitivity. Accordingly, sufficient effects
on improving pressure characteristics can hardly be
obtained by either of the above-described means.
In general, silver halide grains having a cubic or
octahedral crystal form or a potato-like spherical form
are less liable to deformation under an outer force be-
cause of their shape and have therefore lower pressure
sensitivity than tabular grains having a large projected
area diameter/thickness ratio. Owing to this advantage,
as far as the above-mentioned means for improving
pressure characteristics are applied to these grains,
some improvements on pressure characteristics could
be reached to not a sufficient degree but to a fairly
satisfactory level. -
Turning now to tabular grains, they have a ment to
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which is required to have high sensitivity and suitability
for ultra-rapid processing.

In particular, in the field of radiographic materials for
medical use including X-ray films, rapid processing has
great advantage that quick completion of development
processing would permit of a timely medical treatment.
A number of studies have thus been made on rapid
development processing of X-ray films.

X-ray films have conventionally been processed in a
dry-to-dry time (from the beginning of development
processing to the end of drying processing) of about 90
seconds. With the developments of rapid processing,
the dry-to-dry time has recently been reduced to about
45 seconds. In order to sufficiently agree with the latest
medical advancement, there has been a need for further
speed-up of processing. For example, ultra-rapid devel-
opment processing requiring a dry-to-dry time of not
more than 30 seconds is desired.

If conventional light-sensitive materials are subjected
to ultra-rapid processing in a dry-to-dry time of 30 sec-
onds, there have arisen various problems: for example, a
processed light-sensitive material cannot be sufficiently
dried; where a binder is reduced to improve drying
properties, unevenness of development results; and pho-
tographic properties are largely varied on pressure ap-
plication. In order to overcome development uneven-
ness and to improve pressure resistance while improv-
ing drying properties by reducing a binder, there has
been no means but to reduce photographic sensitivity.

It has been demanded to develop a light-sensitive
material which exhibits sufficient performance proper-
ties even when processed in a dry-to-dry time of not
more than 30 seconds. |

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
silver halide light-sensitive material having resistance
against blackening due to scratches during handling, yet
having high sensitivity and suitability for ultra-rapid
processing. |

Another object of the present invention is to provide

“asilver halide light-sensitive material which is suited for

- rapid processing with a dry-to-dry time of not more

provide high optical density with a reduced silver 45

amount because of their high covering power per unit
area as described in U.S. Pat. Nos. 4,434,226, 4,439,520,
and 4,425,425. In addition, they have a large surface
area per unit volume and are accordingly capable of
adsorbing a larger quantity of a sensitizing dye in spec-
‘tral sensitization, thus exhibiting higher light capturing
ability. Such an advantage can be made best use of by
using a sensitizing dye in an amount of 60% or more,
preferably 80% or more, and more preferably 100% or
more, of a saturation adsorption. As previously stated,
- however, pressure sensitivity increases with the amount
of a sensitizer. Besides, the shape of tabular grains
makes them liable to deformation on application of an
outer force. For these reasons, the above-descnibed
means cannot achieve a satisfactory improvement in
pressure characteristics with tabular grains.

JP-A-64-72141 suggests to reduce pressure blacken-
ing by adding a polyhydroxybenzene compound to
tabular grains. Since this method is accompanied by a
reduction in sensitivity, sufficient improvement cannot
be reached when high sensitivity is required.

Hence, it is essential to develop a technique for im-
proving pressure resistance of a hight-sensitive material

50

35

65

than 30 seconds and to provide a method for processing
such a light-sensitive material.
It has now been found that the above objects of the

' present invention are accomplished by a silver halide

light-sensitive material comprising a support having
thereon at least one negative silver halide emulsion
layer containing a binder, in which a coating weight of
the total binder on one side of the support is not more
than 4.2 g/m2 and silver halide grains in said emulsion
layer have been subjected to reduction sensitization.

DETAILED DESCRIPTION OF THE
~ INVENTION

One of the features of the present invention resides in
use of a small amount of binder in the light-sensitive
material. A coating weight of the whole binder on one
side of the support is not more than 4.2 g/m?, and pref-
erably from 2.5 to 4.1 g/cm?. ‘ |

The term “binder” as used herein means hydrophilic
polymers generally having a solubility of at least 0.05 g,
and preferably at least 0.1 g, in 100 g of water at 20° C,, -
which hydrophilic polymers form the hydrophilic col-
loids of at least one hydrophilic colloid layer of the
light-sensitive material of the present invention. Gelatin
is the most preferred binder. Other hydrophilic poly-



5,190,855

S

mers are also usable, including proteins (e.g., gelatin
derivatives, graft polymers of gelatin with other high
polymers, albumin, and casein), cellulose derivatives
(e.g., hydroxyethyl cellulose, carboxymethyl cellulose,
and cellulose sulfate), sugar derivatives (e.g., sodium
alginate, dextran, and starch derivatives), and a wide
variety of synthetic hydrophilic high-molecular weight
homopolymers (e.g., polyvinyl alcohol, poly-N-vinyl-
pyrrolidone, polyacrylic acid, polymethacrylic acid,
polyacrylamide, polyvinylimidazole, and polyvinyl-
pyrazole) or copolymers comprising monomers consti-
tuting these homopolymers.

Gelatin species which can be used include lime-proc-
essed gelatin, acid-processed gelatin, and enzyme-proc-
essed gelatin. Hydrolysis products or enzymatic decom-
position products of gelatin are useful as well.

It is preferable to use gelatin in combination with
dextran or polyacrylamide having a number average
molecular weight of from 5,000 to 100,000. The meth-
ods described in JP-A-63-68837 and JP-A-63-149641 are
effective in the present invention.

Another feature of the present invention resides in
use of a silver halide emulsion which has been subjected
to reduction sensitization in the preparation thereof.

A process for preparing a silver halide emulsion 1s
divided into grain formation, desalting, chemical sensiti-
zation, coating, and the like. Grain formation is further
divided into nucleation, ripening, growth, etc. The
order of these stages is not strictly specified, and some
of them may be conducted in a reversed order, or some
of them may be conducted repeatedly. The phrase “re-
duction sensitization in the preparation of an emulsion”
as stated above basu:ally means that reduction sensitiza-
tion may be performed in any of the stages of emulsion
preparation before coating. Namely, reduction sensiti-
zation can be carried out during nucleation in the initial
stage of grain formation, during physical nipening, dur-
ing grain growth, prior to chemical sensitization, or
“after chemical sensitization. When gold sensitization is
conducted in combination, it is preferably preceded by
reduction sensitization so as not to cause unfavorable
fog. In a most preferred embodiment, reduction sensiti-
zation is effected during grain growth. The terminology
“during grain growth” as used herein means to embrace
~ an embodiment in which silver halide grains are sub-
jected to reduction sensitization while they are growing
by physical ripening or by addition of a water-soluble
silver salt and a water-soluble alkali halide and an em-
bodiment in which silver halide grains are subjected to
reduction sensitization while temporarily suspending
their growth and, after reduction sensitization, allowed
to further grow. -

Reduction sensitization according to the present in-
vention can be carried out by a method comprising
adding a known reducing agent to a silver halide emul-
sion, a method called “silver ripening” which comprises
allowing silver halide grains to grow or ripen in a low
pAg atmosphere, i.e., at a pAg of from 1 to 7, a method
called *“high pH ripening” which comprises allowing
silver halide grains to grow or ripen in a high pH atmo-
sphere, i.e., at a pH of from 8to 11, or a combmatlon of
two or more of these methods.

The method of adding a reducing sensitizer 1s pre-
ferred for fine control of reduction sensitization level
being achieved.

Reducing sensitizers which can be used in the present
invention are selected from known compounds, such as
stannous salts, amines, polyamines, hydrazine derva-
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tives, formamidine sulfinic acid (thiourea dioxide), si-
lane compounds, ascorbic acid derivatives, and borane
compounds, with ascorbic acid, thiourea dioxide, and
dimethylamine-borane being preferred. Two or more
reducing sensitizers may be used in combination.

The amount of the reducing sensitizer to be added 1s
appropriately selected depending on conditions of
emulsion preparation. A suitable amount ranges from
1 X 10—8to 1 X 10—3 mol, and preferably from 1 X 10~7
to 1X 10—3 mol, per mol of silver halide.

The reducing sensitizer is added to silver halide
grains during grain formation or before or after chemu-
cal sensitization in the form of a solution in water or
other solvents, such as alcohols, glycols, ketones, esters,
and amides. While it may be added in any stage of emul-
sion preparation as stated above, it is preferably added
during and/or after grain formation prior to chemical
sensitization. In the case of adding during grain forma-
tion, the reducing sensitizer may be previously put in a
reaction vessel, but preferably in an appropriate stage
during grain formation. It is possible to previously add
a reducing sensitizer to an aqueous solution of a water-
soluble silver salt or a water-soluble alkali halide to be
used for grain formation. It is also preferable to feed a
solution of a reducing sensitizer to silver halide grains
while growing either in several divided portions or in a
continuous manner for an extended period of time.

In the present invention, it is preferable to use a thio-
sulfonic acid compound disclosed in Japanese Patent
Application Nos. Sho-63-159888 and Sho-63-258787 1n
combination with reduction sensitization.

- Reduction sensitization may be combined with other

chemical sensitization techniques, such as sulfur sensiti-

zation, selenium sensitization, gold sensitization, and the
like.

Sulfur sensitizers which can be used in the present
invention are selected from known compounds, e.g.,
thiosulfates, allylthiocarbamide thiourea, allyl isothio-
cyanate, cystine, p-toluenethiosulfonate, and rhodanine.
In addition, sulfur sensitizers described in U.S. Pat. Nos.
1,574,944, 2,410,689, 2,278,947, 2,728,668, 3,501,313,
and 3,656,955, German Patent 1,422,869, Bnitish Patent

1,403,980, and JP-A-55-45016 are also useful. The sulfur

45

55

sensitizer is added in an amount enough to effectively
increase sensitivity of an emulsion. Such an amount
varies in a considerably broad range depending on vari-
ous conditions, such as the amount of a hydroxyazain-
dene compound added (hereinafter described), a pH
condition, a temperature condition, and the size of silver
halide grains, but it is generally from about 1X10-5 to
about 1X 10—! mol per mol of silver halide.

Sulfur sensitization may be replaced by selenium
sensitization. Useful selenium sensitizers include ali-
phatic isoselenocyanates (e.g., allyl isoselenocyanate),
selenoureas, selenoketones, selenoamides, selenocar-
boxylic acids and esters thereof, selenophosphates, and
selenides (e.g., diethyl selenide and diethyl diselenide).

~ Specific examples of these selenium sensitizers are de-

60

65

scribed in U.S. Pat. Nos. 1,574,944, 1,602,592, and
1,623,499. While the amount of a selenium sensitizer to
be added widely varies similarly to sulfur sensitizers, it
is generally from about 1X 10—9 to about 1X 10— mol
per mol of silver halide.

Gold sensitizers to be used for gold sensitization in-
clude various kinds of gold compounds having an oxi-
dation number of either +1 or 4-3. Typical examples of
useful gold sensitizers are chloroauric acid salts, e.g.,
potassium chloroaurate, auric trichloride, potassium
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auric thiocyanate, potassium rhodoaurate, tet-
racyanoauric acid, ammonium aurothiocyanate, and
pyridyl trichlorogold.

When sulfur sensitization or selenium sensitization 1s
combined with gold sensitization, gold specks and silver
sulfide-gold specks or silver selenide-gold specks are
formed as sensitivity specks. The number of the sensitiv-
ity specks and, particularly the composition of silver
sulfide-gold specks or silver selenide-gold specks have
great influences on electron trapping properties or de-
veloping properties. Namely, a ratio of a gold sensitizer
to a sulfur sensitizer or a selenium sensitizer greatly
influences sensitization effects. The amounts of these
sensitizers to be used should be decided so as to effec-

10

tively increase sensitivity of an emulsion in view of 15

ripening conditions. A ratio of a gold sensitizer to a
sulfur or selenium sensitizer is preferably such that the
ratio of the number of gold atoms to that of sulfur atoms
or selenium atoms forming silver sulfide or silver sele-
nide ranges from 4 to 1/200.

A gold sensitizer may be added simultaneously with a
sulfur or selenium sensitizer or during or after comple-
tion of sulfur or selenium sensitization.

In a preferred embodiment of the present invention,
silver halide grains are subjected to reduction sensitiza-
tion, and further subjected to sulfur sensitization or
selenium sensitization in combination with gold sensiti-
zation in the presence of a nitrogen-containing hetero-
cyclic compound capable of forming a complex with
silver. In this case, an emulsion having markedly in-
creased sensitivity with low fog can be prepared as
compared with the case where reduction sensitization is
merely combined with gold-sulfur sensitization or
where gold-sulfur sensitization is conducted in the pres-
ence of the nitrogen-containing heterocyclic com-
pound.

Examples of heterocyclic rings in the nitrogen-con-
taining heterocyclic compounds which can be used in
the present invention include a pyrazole ring, a pyrimi-
dine ring, a 1,2,4-triazole ring, a 1,2,3-triazole ring, a

20
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1,3,4-thiadiazole ring, a 1,2,3-thiadiazole ring, a 1,2,4-

thiadiazole ring, a 1,2,5 -thiadiazole ring, a 1,2,3,4-tet-
razole ring, a pyridazine ring, a 1,2,3-triazine ring, a
1,2,4-triazine ring, and a 1,3,5-triazine ring; and con-
densed rings composed of two or three of these hetero-
cyclic rings, e.g., a triazolotriazole ring, a diazaindene
ring, a triazaindene ring, a tetraazaindene ring, and a
pentaazaindene ring. Condensed rings composed of a
monocyclic heterocyclic ring and an aromatic ring, e.g.,
a phthalazine ring, a benzimidazole ring, an indazole
ring, and a benzothiazole ring, are also useful.

Preferred of the nitrogen-containing heterocyclic.

compounds are those having an azaindene ring. More
preferred are azaindene compounds having a hydroxyl
group as a substituent, e.g., hydroxytriazaindene, hy-
droxytetraazaindene, and hydroxypentaazaindene..
The heterocyclic ring may further have other substit-
uents than a hydroxyl group, e.g., an alkyl group, a
substituted alkyl group, an alkylthio group, an amino
group, a hydroxyamino group, a alkylamino group, a
dialkylamino group, an arylamino group, a carboxyl
- group, an alkoxycarbonyl group, a halogen atom, and a
Ccyano group. |
Specific examples - of suitable nitrogen-containing
heterocyclic compounds are shown below for illustra-

8

(2) 2,5-Dimethyl-7-hydroxy-1,4,7a-tnazaindene

(3) 5-Amino-7-hydroxy-2-methyl-1,4,7a-triazaindene

(4) 4-Hydroxy-6-methyl-1,3,3a,7-tetraazaindene

(5) 4-Hydroxy-1,3,3a,7-tetraazaindene

(6) 4-Hydroxy-6-phenyl-1,3,3a,7-tetraazaindene

(7) 4-Methyl-6-hydroxy-1,3,3a,7-tetraazaindene

(8) 2,6-Dimethyl-4-hydroxy-1,3,3a,7-tetraazaindene

(9) 4-Hydroxy-5-ethyl-6-methyl-1,3,3a,7-tetraazaindene

(10) 2,6-Dimethyl-4-hydroxy-5-ethyl-1,3,3a,7-tet-
raazaindene

(11) 4-Hydroxy-5,6-dimethyl-1,3,3a,7-tetraazaindene

(12) 2,5,6-Trimethyi-4-hydroxy-1,3,3a,7-tetraazaindene

(13) 2-Methyl-4-hydroxy-6-phenyl-1,3,3a,7-tetraazain-
dene

(14) 4-Hydroxy-6-methyl-1,2,3a,7-tetraazaindene

(15) 4-Hydroxy-6-ethyl-1,2,3a,7-tetraazaindene

(16) 4-Hydroxy-6-phenyl-1,2,3a,7-tetraazaindene

(17) 4-Hydroxy-1,2,3a,7-tetraazaindene

(18) 4-Methyl-6-hydroxy-1,2,3a,7-tetraazaindene

(19) 7-Hydroxy-5-methyl-1,2,3,4,6-pentaazaindene

(20) 5-Hydroxy-7-methyl-1,2,3,4,6-pentaazaindene

(21) 5,7-Dihydroxy-1,2,3,4,6-pentaazaindene

(22) 7-Hydroxy-5-methyl-2-phenyl-1,2,3,4,6-pen-
taazaindene

(23) 5-Dimethylamino-7-hydroxy-2-phenyl-1,2,3,4,6-
pentaazaindene

- The amount of the nitrogen-containing heterocyclic

compound to be added varies depending on the size and

composition of silver halide grains, ripening conditions,

and the like. The amount can also be adjusted by con-

trolling an adsorption equilibrium with pH and/or tem-

perature changes during ripening. Two or more of the

nitrogen-containing heterocyclic compounds may be

used in combination in a total amount falling within the

predetermined range. The amount of the nitrogen-con-

taining heterocyclic compound is generally in an

amount of from 1X10-5 to 1X10—1! mol, preferably

from 8 10—5to 1 X 10—2 mol, per mol of silver halide.
The nitrogen-containing heterocyclic compound 1is

added to an emulsion as a solution in an appropriate

solvent having no adverse influences on the emulsion,

such as water and aqueous alkali solutions. The stage of

- addition is preferably before or simultaneously with the

45
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tive purposes only, and the present invention is not -

limited thereto.
(1) 2,4-Dihydroxy-6-methyl-1,3a,7-triazaindene

3,703,377,

addition of a sulfur sensitizer or a selenium sensitizer for
chemical ripening. The addition of a gold sensitizer may
be during or after completion of the sulfur or selenium
sensitization.

In the present invention, a sensitizing dye 1s prefera-
bly used to obtain favorable results. |
Sensitizing dyes may be added in any stage of emul-
sion preparation and is preferably added at the time of

chemical sensitization for obtaining high sensitivity.

Examples of useful sensitizing dyes include cyanine
dyes, merocyanine dyes, complex cyanine dyes, com-
plex merocyanine dyes, holopolar cyanine dyes, styryl
dyes, hemicyanine dyes, oxonol dyes, and hemioxonol
dyes. |

Specific examples of useful sensitizing dyes are de-
scribed, e.g., in U.S. Pat. Nos. 3,522,052, 3,619,197,
3,713,828, 3,615,643, 3,615,632, 3,617,293, 3,628,964,
3,666,480, 3,667,960, 3,679,428, 3,672,897,
3,556,800, 3,615,613, 3,615,638, 3,615,635,
3,632,349, 3,677,765, 3,770,449, 3,770,440,
3,769,025, 3,745,014, 3,713,828, 3,567,458, 3,625,698,
2,526,632, and 2,503,776, JP-A-48-76525, and Belgian
Patent 691,807.

The sensitizing dyes are preferably added in an
amount of 80% or more, and particularly 100% or more

3,769,026,
3,705,809,
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and less than 200%, of a saturation adsorption onto
silver halide grains, which corresponds to 300 mg or
more and less than 1500 mg, and particularly 400 mg or
more and less than 1000 mg, per mol of silver halide.

S S
. >= CH—< .
N N Cl
| :

10

The terminology ‘‘saturation adsorption” as used
herein means a value obtained by centrifuging an emul-
sion in a centrifugal separator and determining dye
absorption of the supernatant liquor.

Specific examples of effective sensitizing dyes are
shown below.
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Among the foregomg sensitizing dyes, partlcularly
preferred are cyanine dyes.
Where the present invention is applied to radio-

graphic materials for medical use, trimethine dyes, e.g.,

Compound Nos. (4) to (21) and (44), are preferred from
the standpoint of obtaining high sensitivity.

Silver halide grains which can be preferably used in
the present invention are tabular grains, and particularly
those having an aspect ratio of 3 or more. The silver
halide emulsion layer preferably contains tabular grains
having an aspect ratio of 3 or more in a proportion of at
least 50% based on the total projected area. It is more
preferable that the emulsion layer contains at least 70%
of tabular grains having an aspect ratio of from 3 to 10,
and particularly from 4 to 8.

The terminology “aspect ratio” as used herein means
a thickness to diameter ratio of silver halide grain, the
diameter being defined as a diameter of circle having
the same area as the projected area of the grain, which

CH-—-CI—I—CH=< O

(39)

(40)

(41}

(42)

(43)

(44)

is herein sometimes referred to as “a projected area
diameter”’.

Processes for preparing tabular silver halide grain
emulsions are described, e.g., Cugnac and Chateau, Sc.
et Ind. Photo., Vol. 33, No. 2, pp. 121-125, “Evolution
of the Morphology of Silver Bromide Crystals During
Physical Ripening” (1962); G. F. Duffin, Photographic
Emulsion Chemistry, pp. 66-72, Focal Press, New York
(1966); and A. P. H. Trivelli and W. F. Smith, Photo-
graphic Journal, Vol. 80, p. 285 (1940). In particular,

these emulsions can be prepared with ease by referring

to the processes described in JP-A-58-127921, JP-A-38-
113972, JP-A-58-113928, and U.S. Pat. No. 4,439,520.
Tabular grain emulsions can also be prepared by a
process in which seed crystals containing at least 40%
by weight of tabular grains are formed at a relatively
low pBr value of 1.3 or less and then allowed to grow
while simultaneously feeding a silver salt solution and a
halide solution under the equal pBr condition. During

the grain growth stage, addition of the silver salt and
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halide solutions is preferably effected taking care not to
form new crystal nuclei.

The size of tabular silver halide grains can be adjusted
by controlling the temperature, the kind and amount of
the solvent, and the feeding rates of a silver salt solution
and a halide solution.

Of the tabular silver halide grains, mono-dispersed
hexagonal tabular grains are particularly useful. The
details of the structure of mono-dispersed hexagonal
tabular grains and of the processes for preparing the
same are described in Japanese Patent Apphcation No.
Sho-61-299155. In brief, a mono-dispersed hexagonal
tabular grain emulsior comprises a medium having dis-
persed therein silver halide grains, at least 70%, based
on the total projected area, of which comprise hexago-
nal grains having a longest side length to shortest side
length ratio of not more than 2 and having two parallel
planes as outer surfaces, with mono-dispersion charac-
teristics as having a variation coefficient of grain size
distribution (a quotient obtained by dividing a standard
deviation of grain size (expressed in terms of diameter of
circle equivalent to projected area) by a mean grain
size) of not more than 20%. The individual hexagonal
tabular grains may have a homogeneous crystal struc-
ture but preferably have a heterogeneous structure
comprising a core and an outer shell differing in halo-
gen composition. The grains may have a layered struc-
ture. The grains preferably contain reduction sensitiza-
tion silver specks. :

The tabular grains to be used in the present invention 30

comprise those grains having an average aspect ratio of
3.0 or more in a proportion of at least 50% of the total
projected area. All the grains having a thickness of 0.3
um or less preferably have an aspect ratio of 3 or more,
‘and more preferably of from 5 to 10.

The tabular grains preferably have a mean projected
area diameter of from 0.3 to 2.0 um, and more prefera-
bly of from 0.5 to 1.6 um. The distance between two
parallel planes (i.e., grain thickness) is preferably from
0.05 to 0.3 um, and more preferably from 0.1 to 0.25
pm.

" Silver halide grains of so-called halogen-converted
type (conversion type) as described in British Patent
635,841 and U.S. Pat. No. 3,622,318 are especially ad-
vantageous in the present invention because conversion
of the surface of the tabular grains results in the produc-
tion of a silver halide emulsion having higher sensitivity
and enhances effects of the present invention.

Halogen conversion is usually carried out by adding
to an emulsion an aqueous solution of a halide which
forms a silver halide whose solubility product is smaller
than that of the silver halide on the grain surface before
halogen conversion. For example, halogen conversion
is induced by addition of an aqueous solution of potas-
sium bromide and/or potassium iodide to silver chlornide
or silver chlorobromide tabular grains, or by addition of
an aqueous solution of potassium iodide to silver bro-
mide or silver iodobromide tabular grains. The aqueous
solution to be added preferably has a small concentra-
tion of not more than 30% by weight, and more prefera-
bly not more than 10% by weight. It is preferably added
at a feed rate of not more than 1 mol% per minute per
mol of silver halide before conversion. During halogen
conversion, a sensitizing dye may be present. Fine
grains of silver bromide, silver iodobromide or silver
iodide may be added in place of a halogen aqueous
solution for conversion. The fine silver halide grains to
be added preferably have a grain size of not more than

5,190,855
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0.2 um, more preferably not more than 0.1 um, and
most preferably not more than 0.05 um. The amount of
halogen to be converted preferably ranges from 0.1 to 1
mol %, and more preferably from 0.1 to 0.6 mol %,
based on the silver halide before conversion.

The method of halogen conversion which can be
used in the present invention is not confined to any one
of the above-described methods, and an appropriate
combination of these methods can be employed accord-
ing to the purpose. A silver halide composition on the
grain surface before halogen conversion preferably has
a silver iodide content of not more than 3 mol %, and

" more preferably not more than 1.0 mol %.
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It is particularly effective to carry out the above-
described halogen conversion in the presence of a silver
halide solvent. Suitable silver halide solvents include
thioether compounds, thiocyanates, ammonia, and tet-
ra-substituted thiourea, with thioether compounds and
thiocyanates being particularly effective. A thiocyanate
is preferably used in an amount of from 0.5 to 5 g per
mol of silver halide, and a thioether compound is prefer-
ably used in an amount of from 0.2 to 3 g per mol of
silver halide.

In the preparation of silver halide emulsions, a com-
pound capable of releasing an inhibitor at the time of
development as described in JP-A-61-230135 and Japa-
nese Patent Application No. Sho-61-169499 may be
used in combination.

During grain formation or physical ripening, a cad-
mium salt, a zinc salt, a lead salt, a thallium sait, an
iridium salt or a complex salt thereof, a rhodium salt or
a complex salt thereof, an iron salt or a complex salt
thereof, etc. may be present in the system for the prepa-
ration of a silver halide emulsion.

During grain formation, a so-called silver halide sol-
vent, e.g., thiocyanates, ammonia, thioether com-
pounds, thiazolidinethione, and tetra-substituted thio-
urea, may be present in the system. Among them, thio-
cyanates, ammonia, and thioether compounds are pre-
ferred.

Tabular grains of apex development mitiation type as

- described in JP-A-63-305343 are extremely useful in the

45
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65

present invention.

For the purpose of preventing fog during prepara-
tion, preservation or photographic processing of a light-
sensitive material or for stabilizing photographic perfor-
mance properties, various compounds may be incorpo-
rated into a photographic emulsion independently of
the above-mentioned nitrogen-containing heterocyclic
compound added in the chemical sensitization stage.
Such compounds include azoles, such as benzothiazo-

" lium salts, nitroimidazoles, nitrobenzimidazoles, chloro-

benzimidazoles, bromobenzimidazoles, ‘nitroindazoles,
benzotriazoles, and aminotriazoles; mercapto com-
pounds, such as mercaptothiazoles, mercaptobenzothia-
zoles, mercaptobenzimidazoles, mercaptothiadiazoles,
mercaptotetrazoles, mercaptopyrimidiens, and mercap-
totriazines; thioketo compounds, such as oxazolineth-
ione; azaindenes, such as triazaindenes, tetraazaindenes
(especially 4-hydroxy-substituted (1,3,3a,7)-tetraazain-

denes), and pentaazaindenes; benzenethiosulfonic acids,

benzenesulfinic acids, benzenesulfonic acid amides, and
many other compounds known as antifoggants or stabi-
lizers. In particular, nitron and its derivatives described
in JP-A-60-76743 and JP-A-60-87322, mercapto com-
pounds described in JP-A-60-80839, heterocyclic com-
pounds described in JP-A-57-164735, and silver com-



5,190,855

23

plex salts with heterocyclic compounds (e.g., 1-phenyl-
5-mercaptotetrazole silver) are preferred.

In another preferred embodiment for accomplishing
the objects of the present invention, the silver halide
emulsion layer of the present invention substantially

contains at least one of compounds represented by for-
mula (I):

! C—SM(I)
Y

wherein Z represents an atomic group necessary to
form a 5- or 6-membered ring; and M represents a hy-
drogen atom, an alkali metal, or an ammonium group.

Examples of the 5- or 6-membered ring formed by Z
include imidazole, imidazoline, oxazole, oxazoline, thia-
zole, thiazoline, thiadiazole, oxadiazole, triazole, tet-
razole, pyridine, and pyrimidine rings.

M preferably represents a hydrogen atom.

Specific examples of the compounds represented by
formula (I) are shown below for illustrative purposes
only but not for limitation.

-1
. (I-1)
>—SH |
N
| i-2
S (I-2)
st
HOOC N
S
-
NaQO3S N

(1-3)

H (14)
N
,>— SH
N
H I-5)
N
s
NaQ3S N
(1-6)

O
;>'—SH
N

o (-7}
l | >—SH
HOOC N
/O[O (1-8)
>—SH
NaO3$S N

10

15

20

23

30

35

45

50

35

65

24

-continued

S
/[ )>7 >
Cl N

Z L

Cl N

NaO3S N

O:N N ————SNH,
:

HOOC

H3C N -—"—SH

(1-9)

(I-10)

(I-11)

(I-12)

(I-13)

(I-14)

(1-15)

(I-16)

(1-17)

(1-20)

(I-21)

(I-22)



5,190,855

25 26
-continued -continued
HoN O SH (1-23) OH OH OH
I \I\/ OH
- s @
HsC, N SH (1-24) OH
g OH
N N
\...,l/ 0 OH OH
NH» @, COCH3 @,CI
(1-25)
H3C Cli
O SH
15 OH OH
O °~
N N OH
. (1:26) CH,>CH,;CH;
H3C N SH 20
| | H3C
N N o
NH> (1-27) : |
| wherein X preferably represents —H, —OH,
N SH 25
-
N N
CoHs (1-28) '
| 30
N SH | |
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—SO3K, etc. Particularly preferred of these substitu-
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N

| ,>—SH
HOOC N

The compound of formula (I) is used preferably in an 40

amount of from 1Xx10—6 to 1X10—2 mol, and more
preferably from 1X10-3 to 1X10—3 mol, per mol of
silver in an emulsion layer. |

The compound of formula (I) exerts its effect when it
is substantially present in a tabular silver halide emul-
sion layer. That is, the compound may be added to a
layer other than a tabular silver halide emulsion layer,
for example, a surface protective layer, as long as the
compound added is diffused into an emulsion layer and
exists therein in the above-specified amount.

In the present invention, it is preferable to further use
a polyhydroxyl-substituted benzene (polyhydroxyben-
zene) compound in combination. Typical but non-limit-
ing examples of polyhydroxybenzene compound which
can be preferably used in the present invention are
shown below.

OH OH OH
OH
" |
OH
OH X X
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Among these polyhydroxybenzene compounds, 1,4-
dihydroxybenzene compounds, and particularly

HO @ OH, OH

SO3K Cl
are preferred.

The polyhydroxy compound is added to silver halide
emulsion layers or other hydrophilic colloidal layers,
and preferably a silver halide emulsion layer. The
amount to be added is less than 1 X 10— 1 mol, preferably
less than 5X10—2 mol, and more preferably from
1% 10—3 to 4 x 10—2 mol, per mol of silver in the light-

sensitive material. .

The photographic emulsion layers or other hydro-
philic colloidal layers of the light-sensitive material
according to the present invention may contain various
surface active agents as coating aids, antistatic agents,
slip agents, emulsion or dispersion aids, anti-block
agents, or for improvements of photographic character-
istics, for example, for development acceleration, in-
crease of contrast or increase of sensitivity.

Example of surface active agents include nonionic
surface active agents, such as saponin (steroid type),
alkylene oxide derivatives (e.g., polyethylene glycol,
polyethylene glycol/polypropylene glycol conden-
sates, polyethylene glycol alkyl ethers or polyethylene
glycol alkylaryl ethers, polyethylene oxide adducts of
silicone), and alkyl esters of saccharides; anionic surface
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active agents, such as alkyisulfonates, ‘alkylbenzenesul-
fonates, alkylnaphthalenesulfonates, alkylsulfates, N-
acyl-N-alkyltaurines, sulfosuccinic esters, and sulfoal-
kyl polyoxyethylene alkylphenyl ethers; amphoteric
surface active agents, such as alkylbetaines and alkylsul-
fobetains; and cationic surface active agents, such as
aliphatic or aromatic quaternary ammonium salts, pyri-
dinium salts, and imidazolium salts. Preferred of them
are anionic surface active agents, e.g., saponin, sodium
dodecylbenzenesulfonate,

thanesulfonate, sodium dodecylsulfate, sodium triiso-
propylnaphthalenesulfonate, and sodium N-methylole-
oyltaurine; cationic surface active agents, e.g., dodecyl-
trimethylammonium chloride, N-oleoyl-N',N’,N’-trime-
thylammoniodiaminopropane bromide and dodecyl-
pyridium chloride; betaines, e.g., N-dodecyl-N,N-dime-
thylcarboxybetaine and N-oleoyl-N,N-dimethylsul-
fobutylbetaine; and nonionic surface active agents, e.g.,
poly(average degree of polymerization n= 10)oxyethy-
lene cetyl ether, poly(n=25)oxyethylene p-nonylphe-
nyl ether, and bis(1-poly(n=15)oxyethyiene-oxy-2,4-di-
t-pentylphenyl)ethane.

For use as an antistatic agent preferred are fluorine-
containing compounds, e.g., potassium perfluorooc-
tanesulfonate, sodium N-propyl-N-perfiuorooctanesul-
fonylglycine, sodium N-propyl-N-perfluorooctanesul-
fonylaminoethyloxy poly(n=3)oxyethylenebutanesul-
fonate, N-perfluorooctanesulfonyl-N',N’,N’-trime-
thylammoniodiaminopropane chlonde, and N-per-
fluorodecanoylaminopropyl-N’,N’'-dimethyl-N'-car-
boxybetaine; nonionic compounds as described in JP-A-
60-80848, JP-A-61-112144, and Japanese Patent Appli-
cation Nos. Sho-61-13398, and Sho-61-16056; alkah
metal nitrates; and conductive tin oxide, zinc oxide or
vanadium pentoxide, or antimony-doped complex ox-
ides thereof. |

Matting agents which can be used in this invention
include fine particles of organic compounds, e.g., poly-
methyl methacrylate, a methyl methacrylate-methacry-
lic acid copolymer, and starch, or inorganic com-
pounds, e.g., silica, titanium dioxide, and barium stron-
tium sulfate, each having a particle size of from 1.0 to 10
um, and preferably from 2 to 5 um.

In a surface layer of the light-sensitive material, slip
agents, e.g., silicone compounds as described in U.S.
Pat. Nos. 3,489,576 and 4,047,958, colloidal silica as
described in JP-B-56-23139, paraffin waxes, higher fatty
acid esters, and starch derivatives, may be added.

. Hydrophilic colloidal layers of the light-sensitive
material may contain polyols, e.g., trimethylolpropane,
pentanediol, butanediol, ethylene glycol, and glycerin,
as a plasticizer.

‘The photographic emulsion layers or hght-msensmve
hydrophilic colloidal layers can contain organic or inor-
ganic hardening agents. Examples of suitable hardening
agents are chromates (e.g., chromium alum), aldehydes
(e.g., formaldehyde and glutaraldehyde), N-methylol
compounds (e.g., dimethylolurea), dioxane derivatives
e.g., 2,3-dihydroxydioxane), active vinyl compounds
(e.g., 1,3,5-triacryloyl-hexahydro-s-triazine, bis(vinyl-
sulfonyDmethy! ether, N,N’'-methylenebis[8-(vinylsul-

10

sodium di-2-ethylhexyl-a-
sulfosuccinate, sodium p-octylphenoxyethoxyethoxye-

15

28

fonyl)propionamide}), active halogen compounds (e.g.,
2,4-dichloro-6-hydroxy-s-triazine), mucohalogenic
acids (e.g., mucochloric acid), 1soxazoles, dialdehyde
starch, and 2-chloro-6-hydroxytnazinylated gelatin,
either individually or in combination of two or more
thereof. Active vinyl compounds described 1n JP-A-53-
41221, JP-A-53-57257, JP-A-59-162546, and JP-A-60-
80846 and active halogen compounds described in U.S.
Pat. No. 3,325,287 are especially preferred. N-car-
bamoylpyridinium salts {(e.g., 1-morpholinocarbonyl-3-
pyridinio)methanesulfonate), and haloamidinium salts
(e.g., 1-(1-chloro-1-pyridinomethylene)pyrrolidinium
2-naphthalenesulfonate) are also useful.
High-molecular weight hardening agents can also be
effectively used in the present invention. Examples of

- suitable high-molecular weight hardening agents in-
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clude polymers having an aldehyde group, e.g., dialde-
hyde starch, polyacrolein, and acrolein copolymers
described in U.S. Pat. No. 3,396,029; polymers having
an epoxy group as described in U.S. Pat. No. 3,623,878;
polymers having a dichlorotriazine group as described
in U.S. Pat. No. 3,362,827 and Research Disclosure, No.
17333 (1978); polymers having an active ester group as
described in JP-A-56-66841; and polymers having an
active vinyl group or a precursor thereof as described in
JP-A-56-142524, U.S. Pat. No. 4,161,407, JP-A-54-
65033, and Research Disclosure, No. 16725 (1978), with
polymers having an active vinyl group or a precursor
thereof being preferred. Inter alia, those having an ac-
tive vinyl group or a precursor thereof bonded to the
polymer main chain thereof through a long spacer as
described in JP-A-56-142524 are preferred.

Supports which can be used in the present invention
preferably include a polyethylene terephthalate film
and a cellulose triacetate film.

In order to improve adhesion of a support to hydro-
philic colloidal layers, the surface of the support is pref-
erably subjected to a surface treatment, such as a corona
discharge, a glow discharge, and ultraviolet irradiation;
or a subbing layer comprising a styrene-butadiene type
latex or a vinylidene chloride type latex may be pro-

- vided on the support. A gelatin layer may further be

55
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provided on the subbing layer. A subbing layer can be
made from an organic solvent containing a polyethyl-
ene swelling agent and gelatin. Adhesion of a subbing
layer to a hydrophilic colloidal layer may be improved
by subjecting the subbing layer to a surface treatment.
For the purpose of absorbing light in specific wave-
length region, i.e., controlling spectral composition of
light entering into photographic emulsion layers, a pho-
tographic emulsion layer or other specific layer may be
colored with a dye to provide an antihalation layer, an
anti-irradiation layer or a filter layer. Both-sided emul-
sion films, such as X-ray films for direct radiography,
may have such a colored layer for cross-over cut be-
neath an emulsion layer. Dyes for these purposes in-
clude oxonol dyes having a pyrazolone nucleus or a
barbituric acid nucleus, azo dyes, azomethine dyes,
anthraquinone dyes, allylidene dyes, styryl dyes, triaryl-
methane dyes, marocyanine dyes, and cyanine dyes.
Typical examples of these dyes are shown below for
illustrative purposes only but not for limitation.
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-continued

(nC4H9')‘HNOC—|-——j—- CH_CH_CH]I—\___TCONH(HC4H9)

CHQ

SO 3K K03S @

In using these dyes, it is effective that a specific layer
of a light-sensitive material to be dyed with an anionic
dye is mordanted by a polymer mordant having cationic
sites. In this case, dyes which irreversibly lose their

color through development-fixing-washing are prefera-

bly utilized. The layer to be mordanted with a polymer
having cationic sites may be any of an emulsion layer, a
surface protective layer, or a layer on the side opposite
to an emulsion layer side, but is preferably a layer be-
tween an emulsion layer and a support. For the particu-
lar purpose of cross-over cut of both-sided X-ray films
for medical use, a subbing layer is the most suitable to be
mordanted.

For fixing of dyes, the solid dispersion method de-
scribed in JP-A-55-155350 or WO 88/0479 is effective.

Where a subbing layer is to be mordanted, polyethyl-
ene oxide type nonionic surface active agents are prefer-
ably used as coating aids in combination with the poly-
mer having cationic sites.

Polymers having cationic sites preferably include
anion exchange polymers such as various known qua-
ternary ammonium salt (or phosphonium salt) poly-
mers. Quaternary ammonium (or phosphonium) salt
polymers are widely known as polymer mordants or
antistatic polymers and mclude, for example, aqueous
dispersion latices as described in JP-A-59-166940, U.S.
Pat. No. 3,958,995, JP-A-55-142339, JP-A-54-126027,
JP-A-54-155835, JP-A-53-30328, JP-A-54-92274;
polyvinylpyridinium salts as described in U. S. Pat. Nos.
2,548,564, 3,148,061, and 3,756,814; water-soluble qua-
ternary ammonium salt polymers as described in U.S.
Pat. No. 3,709,690; and water-insoluble quaternary am-
monium salt polymers as described in U.S. Pat. No.
3,898,088.

These anion exchange polymers are preferably used
in the form of a crosslinked aqueous polymer latex
which is obtained by copolymerizing a monomer hav-
ing at least two (preferably 2 to 4) ethylenically unsatu-
rated groups so as to prevent mi gratlon from a desired
layer to other layers or into a processing solution.
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Specific examples of such a crosslmked copolymer

are shown below.

(0)

+CH,CHY¥; +CH;CH¥5—¢CHCHIr (A)

00D

H> - CHCH>
CHj3 —IEJ@—H CIS
CH-
x:y:2 = 45:45:10
+CH,CHY; ~CH,CH (B)

H CH; CHCH>9~
E ] CH3 SO30

y:z = 93:5

+CH,;CH¥; < CH,CH¥;—¢CH,CH)7 (C)

el el

Hz ~-CHCH39-
CH; —II‘JQ—H C1s
CH3
xy:z = 45:45:10
'(-Cl-Iz—CH')- -CH;—CH¥>
CHz “CH—CH)%
HN@
/N cB®
HsC) C:Hs
y:z = 80:20

Methods for coating an emulsion layer, a surface
protective layer, etc. on a support are not particularly
limited. For example, a multi-layer simultaneous coat-
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ing method as described in U.S. Pat. Nos. 2,761,418,
3,508,947, and 2,761,791 is preferably employed.

A developing solution which can be used in the pres-
ent invention contains a known developing agent, such
as hydroxybenzene developing agents (e.g., hydroqui- 5
none), 3-pyrazolidone developing agents (e.g., 1-phe-
nyl-3-pyrazolidone), and aminophenol developing
agents (e.g., N-methyl-p-aminophenol), either alone or
in combination thereof. A developing solution may
further contain other known additives, such as preser-
vatives, alkali agents, pH buffering agents, and antifog-
gants. If desired, dissolving aids, color toning agents,
development accelerators (e.g., quaternary salts, hydra-
zine derivatives, and benzyl alcohol), surface active
agents, defoaming agents, water softeners, hardening
agents (e.g., glutaraldehyde), viscosity-imparting agents
and so on may also be added to a developing solution.

A fixing solution which can be used in the present
invention has a generally employed composition. Useful
fixing agents include thiosulfates, thiocyanates, and
organic sulfur compounds known to have a fixing ac-
tion. A fixing solution may contain a water-soluble
aluminum salt as a hardening agent.

In carrying out development processing by using an
automatic developing machine, roller conveying type
automatic developing machines as described in U.S.
Pat. Nos. 3,025,779, 3,515,556, 3,573,914, and 3,647,459,
and British Patent 1,269,268 are used to advantage.

Developing temperature usually ranges from 18° to
50° C., and preferably from 30° to 45° C., and develop-
ing time usually ranges from 4 to 40 seconds, and preéfer-
ably from 4 to 25 seconds.

A dry-to-dry time from the start of development
through fixing and washing up to the end of drying is in
the range of from 10 to 200 seconds, preferably from 40
to 100 seconds, and more preferably from 15 to 100
seconds.

Additives of the light-sensitive material other than
those mentioned above, methods of development, meth-
ods of exposure, and the like are not particularly lim-
ited. For the details of these conditions, reference can
be made to Research Disclosure, Vol. 176, Item 17643
(Dec., 1978) and ibid., Item 18431 (Aug., 1979).

The present invention is now illustrated in greater
detail with reference to the following Examples, but it
should be understood that the present invention is not
deemed to be limited thereto. All the percents, parts,

and ratios are given by weight unless otherwise speci-
fied.
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EXAMPLE 1 30

Preparation of Comparative Emulsion A

To 11of water were added 5 g of potassium bromide,
25.6 g of gelatin, and 2.5 cc of a 5% aqueous solution of
a thioether (HO(CH_),S(CH3)2S(CH2)2OH), and the 55
resulting gelatin agueous solution was kept at 66° C. To.
the solution were fed an aqueous solution of 8.33 g of
silver nitrate and an aqueous solution containing 5.94 g
of potassium bromide and 0.726 g of potassium iodide
while stirring over a period of 45 seconds 1n accordance 60
with a double jet process. After 2.9 g of potassium bro-
mide was added thereto, an aqueous solution containing
8.33 g of silver nitrate was further fed over a period of
24 minutes. Then, 20 cc of 25% aqueous ammoma and
10 cc of a 50% NHsNO; solution were added thereto,
followed by physical ripening for 20 minutes. The mix-
ture was neutralized by addition of 240 cc of 1 N sulfu-
ric acid, and an aqueous solution of 153.34 g of silver

65
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nitrate and an aqueous solution of potassium bromide
were fed over a period of 40 minutes while maintaining
a pAg at 8.2 in accordance with a controlied double jet
process. The feed rate of the solutions was accelerated
in such a manner that the final feed rate was 9 times the
initial one. After the addition, 15 cc of a 2 N potassium
thiocyanate solution was added, and then45ccofa 1%
potassium iodide aqueous solution was added thereto

over a period of 30 seconds. The temperature was low-

ered to 35° C., and soluble salts were removed by sedi-
mentation using a high-molecular weight coagulating
agent. The temperature was raised to 40° C., and gela-
tin, 76 mg of Proxel (a product produced by 1.C.1. Co.),
and 760 mg of phenoxyethanol were added to the emuli-
sion. The emulsion was adjusted to a pH of 6.50 and a
pAg of 8.20 with sodium hydroxide and potassium bro-
mide.

The temperature was elevated to 56° C., and 520 mg
of Sensitizing Dye (14) of the present invention was
added to the emulsion. Ten minutes later, 3.4 mg of
sodium thiosulfate pentahydrate, 140 mg of potassium
thiocyanate, and 3.1 mg of chloroauric acid were added
thereto and, after 70 minutes, the emulsion was
quenched to solidify to prepare Emulsion A. Emulsion
A was found to comprise grains having an aspect ratio
of 3 or more in a proportion of 99.5% based on the total
projected area of total grains. All the grains having an
aspect ratio of 2 or more were found to have a mean
projected area diameter of 1.35 um, a standard devia-
tion of 22.3%, an average thickness of 0.200 um, and an
average aspect ratio of 6.8.

Preparation of Comparative Emulsion B

Tabular silver halide grains were formed in the same
manner as for Emulsion A. After removing soluble salts
by sedimentation, antiseptics were added, and the pH
and pAg were adjusted in the same manner as for Emul-
sion A.

The temperature was raised to 56° C., and the emul-
sion was subjected to chemical sensitization in the same

manner as for Emulsion A, except that 186 mg of 4-
" hydroxy-6-methyl-1,3,3a,7-tetraazaindene was added to

the emulsion 10 minutes before the addition of Sensitiz-
ing Dye (14). |

Preparation of Emulsion C of the Invention

To 11 of water were added 5 g of potassium bromide,
25.6 g of gelatin, and 2.5 cc of a 5% aqueous solution of
a thioether (HO(CH;)2S(CH»)>S(CH2);0H), and the
resulting gelatin solution was kept at 66° C. To the
solution were fed an aqueous solution containing 8.33 g
of silver nitrate and an aqueous solution containing 5.94
g of potassium bromide and 0.726 g of potassium iodide
while stirring over a period of 45 seconds according to
a double jet process. Subsequently, 2.9 g of potassium
bromide was added thereto, and an aqueous solution
containing 8.33 g of silver nitrate was then fed thereto
over 24 minutes. Then, 0.1 mg of thiourea dioxide of
formula:

H;N

;>— SOH

NH

was added to the mixture. Thereafter, 20 cc of 25%
aqueous ammonia and 10 cc of a 50% NH4NOj3 solution
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were added, followed by physical ripening for 20 min-
utes. After neutralization by addition of 240 cc of 1 N
sulfuric acid, an aqueous solution containing 153.34 g of
silver nitrate and an aqueous solution of potassium bro-
mide were added to the emulsion over 40 minutes while
maintaining a pAg at 8.2 according to a controlled dou-
ble jet process. The feed rate of the solutions was accel-
erated in such a manner that the final rate was 9 times
the initial one. After completion of the addition, 15 cc of
a 2N potassium thiocyanate solution was added, and 45
cc of a 1% potassium iodide aqueous solution was then
added over 30 seconds. The temperature was lowered
to 35° C., and soluble salts were removed by sedimenta-
tion. The temperature was raised to 40° C., and gelatin,
76 mg of Proxel, and 760 mg of phenoxyethanol were
added thereto. The emulsion was adjusted to a pH of
6.50 and a pAg of 8.20 with sodium hydroxide and
potassium bromide.

After raising the temperature to 56° C., 520 mg of 20
Sensitizing Dye (14) was added. After 10 minutes, 3.4
mg of sodium thiosulfate pentahydrate, 140 mg of potas-
sium thiocyanate, and 3.1 mg of chloroauric acid were
added to the emulsion. Fifty minutes later, the emulsion
was quenched to solidify to obtain Emulsion C.

Emulsion C was found to comprise grains having an
aspect ratio of 3 or more in a proportion of 99.5% based
on the total projected area of the total grains. All the
grains having an aspect ratio of 2 or more were found to
have a mean projected area diameter of 1.35 um, a
standard deviation of 22.3%, an average thickness of
0.200 um, and an average aspect ratio of 6.8, showing
no difference from Emulsion A.
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Preparation of Emulsion D of the Invention 35

Grain formation was carried out by using thiourea
dioxide in the same manner as for Emulsion C.

After removing soluble salts by sedimentation, the
pH and pAg were adjusted, and the temperature of the
emulsion was raised to 56° C. The emulsion was then
subjected to chemical sensitization in the same manner
as for Emuision A, except that 186 mg of 4-hydroxy-6-
methyl-1,3,3a,7-tetraazaindene was added ten minutes

before the addition of Sensitizing Dye (14). 45

Preparation of Emulsion E of the Invention

Grain formation was conducted by using thiourea
dioxide in the same manner as for Emulsion C.

After removing soluble salts by sedimentation, anti-
septic agents were added to the emulsion, and the pH
and pAg of the emulsion were adjusted in the same
manner as for Emulsion A.

The temperature was raised to 56° C., and 0.39 mg of 55
thiourea dioxide was added to the emulsion, followed
by stirring for 20 minutes. Then, 213 mg of 4-hydroxy-
6-methyl-1,3,3a,7-tetraazaindene was added thereto.
Ten minutes later, 520 mg of Sensitizing Dye (14) was
added to the emulsion. Ten minutes later, 3.4 mg of g
sodium thiosulfate pentahydrate, 140 mg of potassium
thiocyanate, and 3.1 mg of chloroauric acid were added
to the emulsion and, after 50 minutes, the emulsion was
quenched to solidify to obtain Emulsion E.

50

: : : 6
Preparation of Emulsion F of the Invention 3

To 11 of water were added 5 g of potassium bromide,
25.6 g of gelatin, and 2.5 cc of a 5% aqueous solution of

- 38

a thioether (HO(CH3),S(CH2)2,S(CH2)20OH), and the
solution was kept at 66° C. To the solution were added
an aqueous solution containing 8.33 g of silver nitrate
and an aqueous solution containing 5.94 g of potassium
bromide and 0.726 g of potassium iodide while stirring
over 45 seconds according to a double jet process. After
2.9 g of potassium bromide was added, an aqueous solu-
tion containing 8.33 g of silver nitrate was fed thereto
over 24 minutes. To the emulsion was then added 0.2
mg of thiourea dioxide. Thereafter, 20 cc of 25% aque-
ous ammonia and 10 cc of 50% NH4NO3; were added to
the emulsion to conduct physical ripening for 20 min-
utes, followed by neutralization with 240 cc.of 1 N
sulfuric acid. An aqueous solution containing 153.34 g
of silver nitrate and a potassium bromide aqueous solu-
tion were then fed thereto over 40 minutes while main-
taining at a pAg of 8.2 according to a controlied double
jet process. The feed rate of the solutions was increased
in such a manner that the final rate was 9 times the initial
one. After 20 minutes from the start of feeding, 10 mg of
sodium thiosulfonate (C:HsS0O,SNa) was added to the
mixture. After completion of the feeding, 15ccofa2 N
potassium thiocyanate solution was added, and then 45
cc of a 1% potassium iodide aqueous solution was
added thereto over 30 seconds. The temperature was
lowered to 35° C., and soluble salts were removed by
sedimentation. The temperature was raised to 40" C,,
gelatin, 76 mg of Proxel, and 760 mg of phenoxyethanol
were added to the emulsion, and the emulsion was ad-
justed to a pH of 6.50 and pAg of 8.20 with sodium
hydroxide and potassium bromide.

The temperature was increased to 56° C., and 186 mg
of 4-hydroxy-6-methyl-1,3,3a,7-tetraazaindene  was
added to the emulsion. Ten minutes later, 520 mg of
Sensitizing Dye (14) was added. Ten minutes later, 3.4
mg of sodium thiosulfate pentahydrate, 140 mg of potas-
sium thiocyanate, and 3.1 mg of chloroauric acid were
added to the emulsion and, after 50 minutes, the emul-
sion was quenched to solidify to obtain Emulsion F.

Emulsion F showed no difference from Emulsion A
in grain size, aspect ratio, etc. within allowable errors in
measurements.

Preparation of Emulsion Coating Composition

To each of Emulsions A to F, the following chemi-
cals were added in amounts shown each per mol of

silver halide.
Polymer latex (ethyl acrylate/ 250 g
methacrylic acid (97/3) copolymer) |
Hardening agent (1,2-bis(sulfonyl- 30 g
acetamido)ethane)
2,6-Bis(hydroxyamino)-4-diethylamino- 80 mg
1,3,5-tnazine
Sodium polyacrylate (average molecular 1 g
weight: 41,000)
Potassium polystyrenesulfonate (average 10 g
molecular weight: 600,000)
Dextran (average molecular weight: 39,000) 114 g

Preparation of Support

On each side of a 175 um thick blue-tinted polyethyl-
ene terephthalate film support was coated a subbing
layer having the following composition.
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[Subbing Layer Formulation]
Gelatin 84 mg/mi
+CHCH¥g— ¢ CH CH¥ypp— 60 mg/m
CH> -CHCH>9
| CiS
HN®
/7 \
H;sC; C2Hs
17 mg/m?

(nC4Ho)H NOC‘—“—j': CH—CH==CH CONH(nCyHg)
N x> I N
~ny 7 o HO N
| |

CH> CH;

SO3K KO3S

Preparation of Light-Sensitive Material

On each side of the above polyethylene terephthalate
support were simultaneously coated the above-pre-
pared emulsion coating composition and a surface pro-
tective layer coating composition having the following
composition. The silver coverage was 1.9 g/m? per one
side of the support. The thus obtained light-sensitive
materials were designated Samples 101 to 118.

30
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[Surface Protective Layer]

Gelatin 0.8 g/m?
Polyacrylamide (average molecular 0.2 g/m?
weight: 45,000)
Sodium polyacrylate (average molecular 0.02 g/m? 40
weight: 400,000)
Sodium salt of p-t-Octylphenoxydiglyceryl 0.02 g/m*
butylsulfonate |
Poly(degree of polymerization n = 10)oxy- 0.035 g/m?
ethylene cetyl ether | |
Poly(n = 10)oxyethylene-poly(n = 3)oxy- 0.01 g/m?
glyceryl p-octylphenoxy ether 45
4-Hydroxy-6-methyl-1,3,3a,7-tetra- 0.0155 g/m?
azaindene |
Hydroquinone 0.117 g/m?
CgF17S03K 0.003 g/m?

(':3H-,- 0.001 g/m? 50
CgF17S0N-€¢CHCHO¥~¢CH337S03Na

(|23H-; (lm 0.003 g/m?
CgF17S02N-¢CHCHyO¥p¢ CH,CHCH,O9rH 55
Polymethy] methacrylate (average 0.025 g/m?
particle size: 3.5 um)
Methy! methacrylate/methacrylate 0.020 g/m?

(7:3 by mole) copolymer
(average particle size: 2.5 um)

Evaluation of Performance

1) Sensitivity

Each of Samples 101 to 118 was set in a cassette with 65
both sides thereof being in intimate contact with an
X-ray intensifying screen (“GRENEX Ortho Screen
HR-4” produced by Fuji Photo Film Co., Ltd.), and

X-ray sensitometry was conducted. The exposure
amount was adjusted by changing the distance between
an X-ray tube and the cassette. After exposure, the
sample was processed in an automatic developing ma-
chine (“FPM-9000” manufactured by Fuji Photo Film
Co., Ltd.) using a developing solution and a fixing solu-
tion having the following formulation.

A reciprocal of an exposure amount which gave a
density of fog4- 1.0 was determined and expressed rela-
tively taking the result of Sample 101 as a standard
(100). The results obtained are shown in Table 1 below.

2) Pressure Resistance

Each sample was bent to make an angle of 30° and
then developed under the following conditions. Pres-
sure resistance was evaluated by the degree of blacken-
ing according to the following standards, and the results

-obtained are shown in Table 1.

[Standard of Evaluation]
Good . .. No problem for practical use -
Mediom . . . Slightly blackened, but acceptable for
practical use
Bad . .. Blackened and unacceptable for practical use
[Processing Procedure]
Development 35° C. X 5.3 sec
Fixing 31° C. X 5.6sec
Washing 15* C. X 3.3 sec
Squeegee 3.3 sec .
Drying 50° C. X 6.7 sec
Dry-to-dry time: 25 sec
[Developing Solution Formulation]
Potassium hydroxide 29 g
Potassium sulfite 44.2 g
Sodium hydrogencarbonate 15 g
Boric acid 10 g
Diethylene glycol 12 g
Ethylenediaminetetraacetic acid 1.7 g
5-Methyibenzotriazole 006 g
Hydroquinone ) 25 g
(Glacial acetic acid 18 g
Triethylene glycol 12 g
5-Nitroindazole 025 g
1-Phenyl-3-pyrazolidone 2.8 g
- Glutaraldehyde (50%) 0.86 g
Sodium metabisulfite 12.6 g
Potassium bromide 37 g

Water to make 1.0 1
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-continued

[Fixing Solution Formulation]

ous solution was added thereto over a period of 30
seconds. The temperature was lowered to 35° C., and
soluble salts were removed by sedimentation. The tem-

42
perature was raised to 40° C., and 68 g of gelatin and
2.35 g of phenoxyethanol were added to the emulsion.

The emulsion was adjusted to a pH of 6.50 and a pAg of

Ammonium thiosulfate (70 w/v %) 200 ml : : : : :
Disodium ethylenediaminetetraacetate 0.02 g 8.20 with sodium hydroxide and potasgmm bromide.
dihydrate 5 The temperature was elevated to 56° C., and 154 mg
Sodium sulfite 15 g of 4-hydroxy-6-methyl-1,3,3a,7-tetraazaindene  was
Boric acid 10 g added to the emulsion. Ten minutes later, 500 mg of
g?:::‘::f ; c’;ff ~ zgz 61'; g Sensitizing Dye (14) was added to the emulsion. Ten
Aluminum sulfate 10 g minutes later, 3.3 mg of sodium thiosulfate pentahy-
Sulfuric acid (36N) 39 g 10 drate, 118 mg of potassium thiocyanate, and 2 mg of
“I’_‘;‘er to make 1.0 1 chloroauric acid were added thereto and, after 70 min-
P 20 utes, the emulsion was quenched to solidify to prepare
Emulsion A’
TABLE 1
_ Emulsion Layer Coating Weight
Poly- Per One Side
Sample Gelatin acrylamide Sensi-  Pressure  of Total Binder
No. Emulsion (g/m?) (g/m?) tivity  Resistance (g/m?) Remark
101 A 24 0.2 100 Bad 3.64 Comparison
102 B " H RS Bad pe T
103 C i 105 Medium ' Invention
104 D " i 105 Good & z
105 E " 105 Good
106 F ’ " 110 Good " oo
107 A 2.8 95 Medium 4.04 Comparison
108 B i 85  Medium & z
109 C ' ! 100 Medium '’ Invention
110 D 2.8 0.2 100 Good 4.04 Invention
111 E ” H 105 Good L T
112 F i & 105 Good "
113 A 3.2 ' 90 Good 4.44 Comparison
114 B H H R0 Good ' ’
115 C " i 100 Good " g
116 D 100 Good " "
117 E ’ " 105 Good ” o
118 F " " 105 Good ” "
As can be seen from Table 1, the light-sensitive mate- ;¢
rials according to the present invention have improved
pressure re;xstan;: c gltho;lgt undergom% ;eductzon - Emulsion A’ was found to comprise grains having an
sc.lenm;m_ty. amri)l.es ;c; -~ age out 10 5 € automatic aspect ratio of 3 or more in a proportion of 99.5% of the
eveloping machine while insulliciently dry. total projected area of total grains. All the grains having
EXAMPLE 2 40 an aspect ratio of 3 or more were found to have a mean
p . € Emulsion A’ projected area diameter of 1.35 um, a standard devia-
| reparation ol Lmulsion tion of 22.3%, an average thickness of 0.200 um, and an
To 11 of water were added 4.5 g of potassium bro- average aspect ratio of 6.8.
mide, 20.6 g of gelatin, and 2.5 cc of a 5% aqueous . : ,
solution of a thioether (HO(CH2)2S(CH32)2S(CHa. 45 Preparation of Emulsion B
)20H), and the resulting gelatin aqueous solution was To 11 of water were added 4.5 g of potassium bro-
kept at 65° C. To the solution were fed an aqueous  mide, 20.6 g of gelatin, and 2.5 cc of a 5% aqueous
- solution of 3.43 g of silver nitrate and an aqueous solu- solution of a thioether (HO{(CH2);S(CH;)2S(CHo..
tion containing 2.97 g of potassium bromide and 0.36 g )2OH), and the resulting gelatin solution was kept at 65°
of potassium iodide while stirring over a period of 37 50 C. To the solution were fed an aqueous solution con-
seconds in accordance with a double jet process. After  taining 3.43 g of silver nitrate and an aqueous solution
0.9 g of potassium bromide was added thereto, an aque- containing 2.97 g of potassium bromide and 0.36 g of
ous solution containing 4.92 g of silver nitrate was fur-  potassium iodide while stirring over a period of 37 sec-
ther fed over a period of 13 minutes. The temperature onds according to a double jet process. Then, 0.1 mg of
was raised to 70° C., and 18 cc of 25% aqueous ammo- 55 thiourea dioxide was added to the mixture. The temper-
nia was added thereto, followed by neutralization with  ature was raised to 70° C., and 18 cc of 25% aqueous
17 cc of 100% acetic acid. An aqueous solution of = ammonia was added thereto, followed by neutralization
133.49 g of silver nitrate and an aqueous solution of  with 17 cc of 100% acetic acid. Subsequently, an aque-
potassium bromide were fed over a period of 35 minutes  ous solution containing 133.4 g of silver nitrate was
while maintaining a pAg at 8.2 in accordance with a 60 added to the emulsion over 35 minutes while maintain-
controlled double jet process. The feed rate of the solu-  ing a pAg at 8.2 according to a controlled double jet
tions was accelerated in such a manner that the final process. The feed rate of the silver nitrate solution was
feed rate was 2.6 times the initial one. After the addi- accelerated in such a manner that the final rate was 2.6
tion, 15 cc of a 2 N potassium thiiocyanate solution was times the initial one. After completion of the addition,
added, and then 38.5 cc of a 1% potassium iodide aque- 65 15 cc of a 2 N potassium thiocyanate solution was

added, and 38.5 cc of a 19% potassium 10dide aqueous
solution was then added over 30 seconds. The tempera-
ture was lowered to 35° C., and soluble salts were re-
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moved by sedimentation. The temperature was raised to
40° C., and 68 g of gelatin and 2.35 g of phenoxyethanol
were added thereto. The emulsion was adjusted to a pH
of 6.50 and a pAg of 8.20 with sodium hydroxide and
potassium bromide.

After raising the temperature to 56° C., 0.05 mg of
thiourea dioxide was added to the emulsion, followed
by stirring for 20 minutes. Then, 154 mg of 4-hydroxy-
6-methyl-1,3,3a,7-tetraazindene was added and, ten
minutes later, 500 mg of Sensitizing Dye (14) was added
to the emulsion. After 10 minutes, 3.3 mg of sodium
thiosulfate pentahydrate, 118 mg of potassium thiocya-
nate, and 2 mg of chloroauric acid were added to the
emulsion. Seventy minutes later, the emulsion was
quenched to solidify to obtain Emulsion B'.

Emulsion B’ showed no difference from Emulsion A’
in grain size, aspect ratio, etc. within allowable errors of
measurements.

To determine an adsorption of the sensitizing dye,

each of Emulsions A’ and B’ was centrifuged, and an 20

absorbance of the supernatant liquor was measured. As

a result, both emulsions were found to have a saturation
adsorption (100%).

Preparation of Emulsion Coating Composition:

To each of Emulsions A’ and B, the following chemi-
cals were added in amounts shown each per mol of
silver halide.

Polymer latex (polyethyl acrylate/ 200 g

methacrylic acid (97/3) copolymer)

Hardening agent (1,2-bis(vinylsulfonyl- 24 g

acetamido)ethane)

2,6-Bis(hydroxyamino)-4-diethylamino- 76 mg

1,3,5-trtazine

Sodium polyacrylate (average molecular 2.1 g

weight: 41,000)

Sodium polystyrenesulfonate (average 1.0 g

molecular weight: 600,000)

Dextran (average molecular weight: 39,000) 236 g

Trimethylolpropane | 98 g

Potassium hydroquinone monosulfonate see Table 2
0.6 g

CgHi7 OCH,CH297S03Na

Compound of formula (1) see 1able 2

Preparation of Support

On each side of a 175 um thick blue-tinted polyethyl- 50

ene terephthalate film support was coated a subbing
layer comprising 84 mg/m? of gelatin.

Preparation of Light-Sensitive Material

5
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layer coating composition having the following compo-
sition. The silver coverage and binder coverage were
1.95 g/m? and 3.5 g/m?2, respectively, per one side of the
support. The thus obtained light-sensitive materials
were designated Samples 201 to 215.

[Surface Protective Layer]

Gelatin 1.138 g/m?
10 Dextran (average molecular weight: 39,000) 0.228 g/m?
4-Hydroxy-6-methyl-1,3,3a,7-tetraazaindene 0.0155 g/m?
Sodium polyacrylate (average molecular 0.023 g/m?
weight: 41,000)
0.0225 g/m?
15 CgH17 OCH>CH397S03Na
Ci16H330-¢CH2CH;09p—H 0.035 g/m?
(|33H7 0.0005 g/m?
CsF17SO2N-€¢CH;CH20 93¢ CH297 SO3Na
CgF17S0O3K 0.0053 g/m?
Polymethyl methacrylate (average 0.088 g/m?
74 particle size: 3.7 um)
Proxel 0.0006 g/m?

Evaluation of Performance

1) Sensitivity and Fog

Each of Samples 201 to 215 was exposed on both
sides thereof to green light having a peak at 550 nm for
1/10 second and then processed in an automatic devel-
oping machine (37 FPM 9000 using a developing solu-
tion (“RD 7” produced by Fuji Photo Film) and a fixing
solution (“Fuji F” produced by Fuji Photo Film) at 35°
C. with a dry-to-dry time of 45 seconds (SP processing).

A reciprocal of an exposure amount which gave a
density of fog-+ 1.0 was determined and expressed rela-
tively taking the result of Sample 206 as a standard
(100). The results obtained are shown in Table 2 below.

Fog was expressed as a total value inclusive of the

- density of the support. The fog value of the support per

se was 0.125 when processed in the above-described
automatic developing machine.

2) Scratch Resistance

The sample was conditioned at 25° C. and 25% RH
for 90 minutes, and rubbed with a commercially avail-
able nylon brush under a load of 100 g over an area of
2X 1 cm at a speed of 1 cm/sec under the same environ-
mental conditions. The sample (unexposed) was then
processed under the same conditions as described
above, and the number of blackened streaks was
counted. A sample having not more than 30 streaks was

On each side of the polyethylene terephthalate sup- 55 judged as acceptable for practical use. The results ob-

port were simultaneously coated the above-prepared
emulsion coating composition and a surface protective

tained are shown in Table 2.

TABLE 2
Amount of
Potassium
Compound of (I) Hydroquinone Number
Sample Amount Monosulfonate  Sensi- of

No. Emuilsion Kind (mol/mol-Ag) (mol/mol-Ag) tivity Fog Streaks Remark
201 A’ — — — 126 0.155 46 Comparison
202 B’ —_ —_— —_ 159 0.160 58 "
203 A’ — — 0.043 110 0.152 35 '
204 B’ — — 0.043 138  0.157 45 '
205 A’ I-13 1.1 x 10—4 — 115  0.153 35 &
206 A' ’’ " 0.043 100 0.150 30 "’
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TABLE 2-continued
Amount of
Potassium
Compound of (1) Hydroguinone Number
Sampie Amount Monosulfonate  Sensi- of

No. Emulsion Kind (mol/mol-Ag) (mol/mol-Ag)  tivity Fog  Streaks Remark
207 B’ 2.2 X 104 -— 142 0.158 30 Invention
208 B’ : 1.1 x 10—4 0.022 132 0.155 27 &
209 B’ " " 0.043 126 (.155 22 “
210 B’ & 0.5 x 10—4 0.043 132 0.155 30 r
211 B’ & 2.2 x 10—4 0.043 123 0.155 20 '
212 B’ I-15 1.1 X 10—4% 0.043 126 0.155 21 &
213 B’ I-3 o 0.043 123  0.155 22 Y
214 B’ I1-5 ' 0.043 126 0Q.155 20 "
215 B I-8 X 0.043 126 0.155 23 '

It can be seen from the results in Table 2 that the
light-sensitive materials according to the present inven-
tion (Samples 207 to 215) are superior in sensttivity-
scratch resistance balance. It is also seen that a com-
bined use of the compound of formula (I) and a polyhy-
droxybenzene compound produces enhanced effects.

EXAMPLE 3
Preparation of Emulsion C'

20

25

To 11 of water were added 5 g of potassium bromide,
0.05 g of potassium iodide, 30 g of gelatin, and 2.5 cc of
a 5% aqueous solution of a  thioether
(HO(CH3)2S(CH>)2S(CH3);OH), and the resulting gel-
atin aqueous solution was kept at 75° C. To the solution
were fed an aqueous solution of 6.49 g of silver nitrate
and an aqueous solution containing 5.72 g of potassium
bromide and 0.70 g of potassium iodide while stirring
over a period of 45 seconds in accordance with a double
jet process. After 2.92 g of potassium bromide was
added thereto, an aqueous solution containing 10.19 g of
silver nitrate was further fed over a period of 13 min-
utes. Subsequently, an aqueous solution containing
166.90 g of silver nitrate and an aqueous solution of
potassium bromide were fed over a period of 30 minutes
while maintaining a pAg at 8.1 in accordance with a
controlled double jet process. The feed rate of the solu-
tions was accelerated in such a manner that the final
feed rate was 6.8 times the initial one. After the addi-
tion, 15 cc of a 2N potassium thiocyanate solution was
added, and then 61 cc of a 1% potassium 10dide aqueous
solution was added thereto over a period of 30 seconds.
The temperature was lowered to 35° C., and soluble
salts were removed by sedimentation. The temperature
was raised to 40° C., and 95.4 g of gelatin and 2.5 g of >0
phenol were added to the emulsion. The emulsion was
adjusted to a pH of 6.50 and a pAg of 8.20 with sodium
hydroxide and potassium bromide.

The temperature was elevated to 56° C., and 202 mg
of 4-hydroxy-6-methyl-1,3,3a,7-tetraazaindene  was 33
added to the emulsion. Ten minutes later, 668 mg of
Sensitizing Dye (14) was added to the emulsion. Ten
minutes later, 4.7 mg of sodium thiosulfate pentahy-
drate, 157 mg of potassium thiocyanate, and 4.5 mg of
chloroauric acid were added thereto and, after 70 min-
utes, the emulsion was quenched to solidify to prepare
Emulsion C'.

Emulsion C’ was found to comprise grains having an
aspect ratio of 3 or more in a proportion of 93% of the
total projected area of total grains. All the grains having

30

35

40

45

60

an aspect ratio of 2 or more were found to have a mean
projected area diameter of 0.93 um, a standard devia-
tion of 43.8%, an average thickness of 0.182 um, and an
average aspect ratio of 6.9. The amount of the adsorbed
sensitizing dye was found to be 102% of the saturated
adsorption.

Preparation of of Emulsion D’

Grain formation was carried out in the same manner
as for Emulsion C'. After removal of soluble salts by
sedimentation, the pH and pAg were adjusted to the
same values as in Emulsion C'. The temperature of the
emulsion was raised to 56° C., and 0.03 mg of thiourea
dioxide was added thereto, followed by stirring for 20
minutes. Then, 202 mg of 4-hydroxy-6-methyl-1,3,3a,7-
tetraazaindene was added and, 10 minutes later, 668 mg
of Sensitizing Dye (14) was added. After 10 minutes, 4.7
mg of sodium thiosulfate pentahydrate, 157 mg of potas-
sium thiocyanate, and 4.5 mg of chloroauric acid were
added to the emulsion. Seventy minutes later, the emul-
sion was quenched to solidify to obtain Emulsion D'

Emulsion D’ showed no difference from Emulsion C’
in grain size, aspect ratio, adsorption of sensitizing dye,
etc. within allowable errors of measurements.

Preparation of Emulsion Coating Composition
To each of Emulsions C’ and D', the following chem-

icals were added in amounts shown each per mol of

silver hahde.

Polymer latex (ethyl acrylate/ 242 g
methacrylic acid (97/3) copolymer)

Hardening agent (1,2-bis(vinylsulfonyl- 35 g
acetamido)ethane)

2,6-Bis(thydroxyamino)-4-diethylamino- 92 mg
1,3,5-triazine

Sodium polyacrylate (average molecular 26 g
weight: 400,000)

Sodium polystyrenesulfonate (average 078 g
molecular weight: 600,000)

Polyacrylamide (average molecular 288 g
weight: 41,000)

Potassium bromide 75 mg

Preparation of Support

On each side of a 175 um thick blue-tinted polyethyl-
ene terephthalate film support was coated a subbing
layer having the following composition.

Gelatin

84 1::|:1g/m2
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-continued
+CH,CHyg—~  CH;CHym— 60 mg/m?
CH ~~CHCH
; 2 A1 2T
HN@
7\
HsC> CyHs
2
(nC4H9)HN0c—"—j= CH~-~CH=CH CONH(nC4Ho) 17 mg/m
N \.. :[ N
- \N \0 HO N""'"
! |
CH; CH>
SO3K KO3S

Preparation of Light-Sensitive Maternal

94 . | e . p
On each side of the polyethylene terephthalate sup- f:l?iigl?l-l:t 0}:};;;111:1;18' lltis ::sa;iig\ﬁgo),expresse

port were simultaneously coated the above-prepared
emulsion coating composition and a surface protective Preparation of Processing Solutions
layer coating composition having the following compo-

sition. The silver coverage and binder coverage were 3

1.63 g/m?and 3.5 g/m2, respectively, per one side of the _Concentrated Developing Solution]
support. The thus obtained light-sensitive materials —-—-——im A N 10
: otassium hydroxide g
were designated Samples 301 to 305. Potassium sulfite 630
~ Sodwum sulfite 240 g
_ 35 Potassium carbonate * - %0 g
[{Surface Protective Layer]} . Boric acid : 45 g
Gelatin | 0.966 g/m? Diethylene glycol o 180 g
Polyacrylamide (average molecular 0.227 g/m? Diethylenetriaminepentaacetic acid 30 g
weight: 45,000) 3,3'-Dithiobishydrocinnamic acid 3g
4-Hydroxy-6-methyl-1,3,3a,7-tetra- 0.0155 g/m? 5-Methylbenzotriazole 0.025 g
azaindene 40 Hydro_quinone | 450 g
Sodium polyacrylate (average molecular 0.023 g/m?* Potassium bromide 15 g
weight: 400,000) ) Water to make 4125 ml
Part B:
0.013 g/m? - Triethylene glycol | 525 g
Glacial acetic acid 102.6 g
CsHi9 OCH;CH>97S03Na 45 S-Nitroindazole 375 g
1-Phenyl-3-pyrazolidone | 345 g
Water to make | 750 mi
| ' ) Part C: -
C16H330¢CHCH2095—H 0.045 g/m Glutaraldehyde (50%) | 150gor0 g
Potassium metabisulfite 150 g
C]?H33COTCHZCHZSO3N3 0.0065 g/mz 50 Water to make 750 ml
CH; [Concentrated Fixing Bath]
| | . Ammonium thiosulfate (70% w/v %) 200 mi
2 - Disodium ethylenediaminetetraacetate 0.03
CaFwSOzIFPf CH,CH0391r—H 0.003 g/m dihydrate y &
C3H7 ' Sodmm thiosulfate pentahydrate 10 g
55 Sodium sulfite 15 g
Boric acid . 4 g
2
CanSOzlf'(-CHzCHzO')r(-CHz-);'SO3Na 0.001 g/m t I-(N,N-Dimethylamino)ethyl-5-mercaptotetra- 1 g
| zole
C3Hy Tartaric acid 312 g
‘ 5 Gilacial acetic acid - 315 g
22:3:?;1 n;:;h:;r)ylate (average | 0.087 g/m 60 goflfium hdﬁ?ggﬁ) 31 ; g
ks 3.7 | ulfuric acid * 9 g
Chlorohydroquinone ~ 0.046 g/mi Aluminum sulfate 10 g
Proxel 0.0005 g/m Water to make 400 ml
pH 4.65
Evaluation of Performance 65 Each part of the developing solution concentrate was

Photographic properties and scratch resistance of the  filled in a separate polyethylene container connected 1n
resulting samples were evaluated in the same manner as parallel such that the component concentrated solutions
in Example 2, except for using the following processing were delivered to a common mixing tank for dilution.
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The fixing solution concentrate was also filled in a poly-
ethylene container. |

When development was started, the development
tank and fixing tank were filled with these concentrates

S0

running equilibrium composition, and then various per-
formance properties of the samples were evaluated.
The results of evaluations are shown in Table 3 be-

low. |
TABLE 3

W
Compound of (1) Number

Sample Amount Sensi- of
No. Emulsion Kind (mol/mol-Ag) tivity Fog  Streaks Remark
301 C — — 100 0.150 35 Comparnison
302 D' — —_ 112 0.157 41 "
303 C .13 1.1 x 10—% 93 0.147 30 "
304 D’ I-13 a 105  0.155 21 Invention
305 D’ I-3 § 10 22 N

0.155

M

in the following proportion by means of a constant 13
delivery pump.

___—uﬂ___“

Developing Solution:

Part A 55 m] 20
Part B 10 ml

Part C 10 ml

Water 125 ml

pH = 10.50

Concentrate 80 m) 98
Water 120 ml

Tap water was filled in a washing tank. Four bags of
non-woven cloth each containing 50 g of a silver slow- 39
releasing agent comprising Na,O/B205/S8i10; soluble
glass containing 0.5% of Ag>O were sunk to the bottom
of the washing tank.

Construction of Automatic Developing Machine 1

An automatic developing machine having the follow-
ing construction was used. |

Process-
ing
Time

- Process-
ing Pass
Length

Process-
ing Tem-
perature

(1) (CC.) ~ (mm) (sec)

15 35 613 13.3
(liquid surface area/tank volume = 35 cm?/1)
15 32 541 11.7
13 17 305 5.7
(running
water)

Tank 40

Processing Volume

Step
Development

Fixing

Washing 45

6.6
8.0

45.3

Squeegee
Drying
Total

368
1827

58

50

Processing

Sample 301 was uniformly exposed to X-ray to pro-
vide a density of 1.0 and processed using the above-
described automatic developing machine and process-
ing solutions. The developing solution and the fixing
solution were replenished at a rate of 25 ml and 25 ml,
respectively, per unit size of 10X 12 inch.

Washing water was supplied through an electromag-
netic valve opened at a period synchronous with pro-
cessing of the light-sensitive material at a flow rate of 10
1/min (about 1 1/unit size). At the close of the day’s
work, the electromagnetic valve was automatically
opened to drain the washing tank of any remaining
water. |

Running test was thus performed until both the de-
veloping solution and the fixing solution came to have a

35

65

The results of Table 3 reveal that the light-sensitive
materials according to the present invention are supe-
rior to the comparative samples in sensitivity-scratch
resistance balance. |

Thus, it can be seen that the present invention exhibits
its effects even when a polyhydroxybenzene compound
(chlorohydroquinone) is added to a surface protective
layer or when processing conditions are altered.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What is claimed ts:

1. A silver halide light-sensitive material comprising a
support having on one side thereof at least one negative
silver halide emulsion layer containing a binder, in
which a coating weight of the total binder on said one
side of the support is not more than 4.2 g/m? and in
which silver halide grains in said emulsion layer have
been subjected to reduction sensitization and to chemi-
cal sensitization in the presence of a nitrogen-containing
heterocyclic compound capable of forming a complex
with silver wherein said nitrogen-containing heterocy-
clic compound is a member selected from the group
consisting of hydroxytriazaindrene, hydroxytetraazain-
dene, and hydroxypentaazaindene.

2. A silver halide light-sensitive material as claimed in

claim 1, wherein said silver halide grains are tabular

grains having an aspect ratio of 3 or more.

3. A silver halide light-sensitive material as claimed in
claim 2, wherein said silver halide emulsion layer con-
tains at least one of compounds represented by formula

(1):

wherein Z represents an atomic group necessary to
form a 5- or 6-membered ring; and M represents a hy-
drogen atom, an alkali metal, or an ammonium group.

4. A silver halide light-sensitive material as claimed in
claim 2, wherein said silver halide emulsion layer or
other hydrophilic colloidal layer on the support con-
tains a polyhydroxybenzene compound.

5. A silver halide light-sensitive material as claimed in
claim 1, wherein said light-sensitive material is an X-ray
material.

6. A silver halide light-sensitive material as claimed in
claim 1, wherein the total binder on said one side of the

support is 2.5 to 4.1 g/m?.
*x %X %x %X X
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